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@ Process fortbe production of 233-trimethylben2oqulnone. 
@ A process for the production of 2.3,5-trimethyl- benzo- 
quinone (TMBQ) from 2,3.6- trimethylphenol (TMP) is 
described, comprising contacting TMP with molecular 
oxygen in a medium of water and an aliphatic alcohol having 
from 4 to 10 carbon atoms in the presence as a catalyst of a 
copper halogeno complex represented by the general for- 
mula as shown below or a mixture of the copper halogeno 
complex and an alkali metal hatide. 



M(ICu(ll)mXolp 

wherein M is ah alkali metal or ammonium, Cu(ll) is a 
divalent copper, X is a halogen atom, I is an integer of 1 to 3, m 
qq is 1 or 2, n is an integer of 3 to 8, p is 1 or 2, and I + 2mp = np. 
CQ The present process yields various advantages; for example, 
00 TMBQ can be produced with high selectivity, and since the 
reaction is performed In a specific medium Ithe medium is 
^ heterogeneous because the alcohols are tmmlscihle or little 
N miscible with water) and TMBQ is soluble in the alcohol layer, 
V while the catalyst is soluble in the water layer, TMBQ can be 
easily separated and reuse of the catalyst can be accomp- 
© lished by a simplified procedure. TMBQ is a useful compound 
as an intermediate for use in the preparation of Vitamin E. 
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THE PRODUCTION OF 2,3,5-TRI- 



METHYLBEN Z OQUINONE 



BACKGROUND OF THE INVENTION 



The present invention relates to a process for the 
production of 2,3,5-trimethylbenzoquinone (hereinafter 
abbreviated to l TMBQ M ) f and more particularly, to a 
process for producing TMBQ by contacting 2 , 3 , 6-trimethyl- 
phenol (hereinafter abbreivated to "TMP") with molecular 
oxygen in a medium of water and aliphatic alcohols 
having from 4 to 10 carbon atoms in the presence of a 
specific copper halogeno complex catalyst. 

TMBQ is a useful substance as an intermediate for 
use in the preparation of Vitamin E. It is known that 
TMBQ can be prepared from various starting materials. 
Particularly the present invention is concerned with a 
process for the production of TMBQ from TMP as a starting 
material. 

As typical methods for the production of TMBQ from 
TMP, the following are known: 

(1) a method of oxidizing TMP with inorganic oxi- 
dizing agents? and 

(2) a method of oxidizing TMP with oxygen in the 



presence of e. 
Inorgan:. 



include potassium permanganate, manganese dioxide, and 
lead oxide. The method (1), however, have disadvantages 



catalyst. 

c oxidizing agents as used in the method (1) 
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in that it needs stoichiometric amounts of expensive 
oxidizing agents as described above and it is necessary 
to treat or regenerate metals in a reduced valency state 
which result from the oxidation reaction. 

As the catalyst for use in the method (2) , a cobalt 
complex catalyst, for example, is known. This method, 
however, is not suitable for industrial use since the life 
of the catalyst is very short although its activity is 
considerably high at an initial stage of the reaction. 
In addition, there is known a method in which copper halide 
is used as a catalyst. This method is high in both the 
yield and selectivity under limited conditions, but there 
still remain various fundamental problems to be solved in 
the industrial practice of the method. 

Japanese Patent Eublication No. 17585/1978, for 
example, discloses a method of oxidizing TMP with oxygen 
by the use as a catalyst of copper ion and halogen ion. 
Although the method is superior in that the yield is high 
under limited conditions, it has disadvantages in that the 
rate of reaction is low, the influences of water on the 
reaction are very serious, and in that a large amount of 
energy is expected to be consumed in the isolation of 
TMBQ or reuse of the catalyst. When the catalyst is 
intended to recover and reuse after the reaction is com- 
pleted, it is necessary that the reaction solution be 
extracted with a large amount of water, the resulting 
aqueous solution be freed of water by techniques such as 
evaporation, and the catalyst be recovered in a water- 



free condition. 
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In industrially recovering and reusing the 
catalyst, a large amount of energy is consumed, which is 
seriously disadvantageous from an economic standpoint. 
Furthermore, since the catalyst is of low activity, the 
method has disadvantages in that the reaction time is long, 
the space time yield is low, and the reactor is required 
to be increased in size. Thus, many difficulties are 
encountered in the industrial practice of the method. 

Japanese Petent Application Laid-Open No. 93931/1975 
discloses an improved method over the method of Japanese 
Patent Publication No. 17585/1978. This method improves 
adverse influences of water exerted on the reaction, allows 
the reaction to efficiently proceed even in water-containing 
solvents, and makes it easy to r.epeatedly use the catalyst. 



This method is 
catalyst and to 



Intended to prevent deterioration of the 
repeatedly use copper halide dissolved in 
an aqueous phase as a catalyst without application of any 
treatment, by adding to the reaction system, in advance or 
intermittently, halogen or halogenated compounds capable 
of releasing hc.logen in the Reaction system, such as bromine, 
chlorine, hydrogen halide, hypohalogenous acid salts and 
4-bromo-2, 3, 6-i:rimethylphenol. As apparent from the 
examples as described hereinafter, such halogen compounds 
are consumed aid diminished at a considerably earier stage 
of repeated uses. It is necessary, therefore, to supple- 
ment the halogen compounds from time to time. This is 
troublesome ii* the operation and will increase the produc- 
tion costs in the industrial production of TMBQ. 
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Furthermore, in all the known techniques, it is es- 
sential to use organic solvents which are completely 
soluble in water. Therefore, in the separation of the 
desired TMBQ after the reaction, the operation of separat- 
ing TMBQ from the catalyst and solvent becomes complicated. 
Furthermore, other operations such as concentration, de- 
hydration and purification are needed in repeated use of 
the catalyst and solvent. This is expected to increase 
the amount of energy consumed. 

SUMMARY OF THE INVENTION 

The present invention is intended to overcome the 
above-described problems of the prior art, and the object 
of the present invention is to provide a process for the 
production of TMBQ which is greatly superior to conventional 
processes. 

The present invention, in an embodiment, relates to 
a process for producing 2 , 3 , 5-trimethylbenzoquinone which 
comprises contacting 2 , 3 , 6-trimethylphenol with molecular 
oxygen in a medium consisting of water and an aliphatic 
alcohol having from 4 to 10 carbon atoms in the presence 
as a catalyst of a copper halogeno complex having the 
following general formula: 

Mj, [CudUmXnlp 
wherein M is an alkali metal or ammonium, Cu(II) is a 
divalent copper, X is a halogen atom, I is an integer of 
from 1 to 3, m is 1 or 2, n is an integer of from 3 to 8, 
p is 1 or 2, and i + 2mp = np. 
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The copper halogeno complex may or may not contain 
crystal water. 

In another embodiment, the present invention relates 
to a process for producing 2 , 3 , 5-trimethy lbenzoquinone 
which comprises contacting 2, 3, 6-trimethylphenol with 
molecular oxygen in a medium consisting of water and an 
aliphatic alcohol having from 4 to 10 carbon atoms in the 
presence as a catalyst of a copper halogeno complex of the 
same general formula as described above and an alkali 
metal halide. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig 1 is s! graph showing the relation between the 
concentration of a copper halogeno complex and its visible 
absorption spectrum? 

Fig. 2 is a graph showing the relation between the 
concentration of a copper halogeno complex and a molar 
absorption coefficient of visible absorption spectrum. 

a graph showing the relation between the 
of halogen and a molar absorption coefficient 



Fig. 3 is 
concentration 



of visible absorption spectrum. 

DETAILED DESCRIPTION OF THE INVENTION 

The copper halogeno complexes represented by the 
general formula as described above are used as catalysts 
in the present invention. These copper halogeno complexes 
accelerate oxidation of TMP with oxygen and permit to 
convert TMP into TMBQ with high selectivity. The copper 
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halogeno complex catalyst of the present invention is 
superior in the rate of reaction and selectivity of TMBQ 
to the known catalyst system comprising free copper and 
halogen ions even in the reaction system where water is 
present and, furthermore, the drop in the activity of the 
catalyst due to water is scarcely observed. 

The copper halogeno complex catalyst of the present 
invention is a novel catalyst, and produces very favorable 
effects in the industrial practice of the process of the 
present invention; for example, the size of a reactor can 
be greatly reduced, the space time yield can be increased, 
and the catalyst can be used repeatedly. 

The copper halogeno. complex catalyst of the present 
invention has excellent properties that even when used 
singly, it permits easy oxidation of TMP with oxygen and 
converts TMP into TMBQ with high selectivity. When, 
however, the copper halogeno complex catalyst is used in 
combination with alkali metal halides, the selectivity of 
TMBQ is more increased and, f urthermore , the rate of 
reaction is increased. 

The copper halogeno complexes as used herein are 
coordination compounds of copper and halogen, and are 
represented by the general formula: 

MfctCuCII^Vp 
wherein M is an alkali metal or ammonium, Cu (II) is a 
divalent copper, X is a halogen atom, £ is an integer of 
from 1 to 3, m is 1 or 2, n is an integer of from 3 to 8, 
p is 1 or 2, and I + 2mp = np. They may or may not 
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contain crystal water. 

The alkali mstal includes lithium (Li) , potassium (K) , 
rubidium (Rb) , and cesium (Cs) . Of these metals, lithium, 
potassium, and cesium are preferred. Particularly preferred 



is lithium. The 
(Br) , and iodine 
and bromine 



Typ 



halogen is preferably chlorine (CI) , bromine 
(I) . Particularly preferred are chlorine 
ical examples of the copper halogeno 
complexes are shown below: 

Li[CuCl 3 ] -2H 2 0, NH 4 [CuCl 3 ] -2H 2 0, (NH 4 ) 2 [CUCI43 -2H 2 0, 
K [CUCI3] / K 2 [CuCjl 4 3 -2H 2 0, Cs [CuCl 3 ] - 2H 2 0, Cs 2 [CuCl 4 ] -2H 2 0, 
CS3[Cu 2 Cl73-2H 2 O f Li 2 [CuBr 4 ] - 6H 2 O f K[CuBr 3 ] , (NH 4 ) 2 [CuBr 4 ] -2H 2 0, 
Cs 2 [CuBr 4 ] , and Cs [CuBr 3 ] . 

These copper halogeno complexes can be prepared by 
known procedures such as those methods described in Mel lor l s 
Comprehensive Treatment on Inorganic and Theoretical 



Chemistry , Vol. Ill, pages 182-201 (Longman). 

The thus-prepared copper halogeno complexes can be 
identified by known techniques such as by measuring their 
melting points. For example, the copper chloride-lithium 
complex, Li[CuCl 3 ] -2H 2 0, is red brown in color and is 
different in appearance from cupric chloride, CuCl 2 *2H 2 0, 
which is a grean crystal, and the melting point of the 
complex is 13ff-135°C. According to the above-described 
reference, Mellor's Comprehensive Treatment on Inorganic 
and Theoretical Chemistry , Vol. HI, pages 184 and 169 
(Longman) , the melting points of a copper chloride-lithium 
complex, Li[CuCl 3 ] -2H 2 0, and cupric chloride, CuCl 2 -2H 2 0, 



are 130°C and 



110 °C, respectively. 
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In visible absorption spectra of an aqueous copper 
halogeno complex solution and an aqueous cupric chloride 
solution, the maximum absorption peaks are between 820 and 
880 nm. As the concentration of the copper halogeno com- 
plex or cupric chloride becomes higher, the maximum ab- 
sorption peak shifts to the longer wavelength side (Fig. 1) . 
Wavelengths at which the maximum absorption peak appears 
are measured for the copper halogeno complex and cupric 
chloride at the same concentration and have been proved 
to be materially different from each other. When the molar 
absorption coefficient at a wavelength of 800 nm is plotted 
against the concentration, the molar absorption coefficient 
being plotted on a logarithmic scale (log e) , it can be 
seen that the molar absorption coefficient for cupric 
chloride saturates at concentrations of 3 moles per liter 
(mol/1) or more, the maximum molar absorption coefficient 
being 1.45, whereas the molar absorption coefficient for 
Li[CuCl 3 ]-2H20, for example, saturates at concentrations 
of 3 mol/1 or more, the maximum molar absorption coefficient 
being 1.52; that is, their molar absorption coefficients 
are materially different from each other (Fig. 2) . 

When lithium chloride is dissolved in a saturated 
solution of Li[CuCl 3 ]-2H 2 o, the molar absorption coefficient 
approaches 1.63 (Fig. 3). When a combination of a copper 
chloride lithium complex, Li[CuCl 3 l -2H 2 0, and lithium 
chloride is used, it is preferred that the molar absorption 
coefficient (log e) of an aqueous solution of the combina- 
tion be from 1.4 to 1.63. 
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The pH of an aqueous copper halogeno complex solution 
varies depending on the concentration of the copper halogeno 
complex but usually is 3.0 or less. Surprisingly it has 
been found that if an alkali metal halide is dissolved in 
the aqueous copper halogeno complex solution, the pH value 
further drops almost in proportion to the amount of the 
alkali metal hallide added. This tendency does not change 
even if an alcohol is added to the solution. 

The pH of an aqueous solution of the copper halogeno 
complex catalyst of the present invention is usually from 
2 to 3 and preferably from 2 to 2.5. In a case where an 
alkali metal h'alide is used in combination, the pH of an 
aqueous solution of the catalyst of copper halogeno com- 
plex and alkali metal halide in the present invention is 



usually 2 or less and preferably from 2 to -1, with the 
range of from 1 to -0.5 being most preferred. 

Alkali metal halides which can be used in combination 
with the copper halogeno complexes of the present invention 
are shown below: 

NaCl, iici, KC1, CsCl, NaBr, NH 4 Br, KBr, CsBr, Nal, 

Lil, KI, CslL etc. 

Of these compounds, lithium chloride (LiCi) is especially 
preferred from viewpoints of yield and a rate of reaction. 
The catalyst composed mainly of the copper halogeno complex 
and the alkkli metal halide is hereinafter referred to as 
"copper halLgeno complex / alkali metal halide catalyst". ■ 

in the practice of the process of the present inven- 
tion, in general, a copper halogeno complex or a mixture 
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of a copper halogeno complex and an alkali metal halide 
is dissolved in a predetermined amount of water in a 
predetermined proportion to prepare a copper halogeno 
complex or copper halogeno complex/alkali metal halide 
catalyst of the present invention, an organic solvent 
and TMP are added, and then TMP is contacted with oxygen 
in the presence of the catalyst. 

In cases where alkali metal halides are used in com- 
bination, the ratio of alkali metal halide to copper 
halogeno complex in the copper halogeno complex/alkali 
metal halide catalysts is one of the significant factors 
exerting influences on the oxidation of TMP* In general, 
if the ratio of alkali metal halide to copper halogeno 
complex is too large, a rate of reaction is undesirably 
reduced, whereas if it is too small, the effect of ad- 
dition of alkali metal halides cannot be obtained, although 
it varies depending on the type of the copper halogeno 
complex and alkali metal halide. In addition, the propor- 
tion of the alkali metal halide used is limited by its 
solubility in the reaction system. Thus, although the 
molar ratio of alkali metal halide to copper halogeno 
complex, cannot be determined unconditionally, it is usually 
from 1 to 15, preferably from 1 to 10, and most preferably 
from 2 to 5. 

In the present invention, the concentration of the 
copper halogeno complex in an aqueous phase of the reaction 
system exerts great influences on the yield and i 
reaction. That is, the amount of water added to 
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reaction system is one of the most important factors to 
efficiently carry out the reaction. From a viewpoint of 
efficiency of the reaction, it is preferred that the con- 
centration of the copper halogeno complex/alkali metal 
in the aqueous phase is high. If the 
the copper halogeno complex in the 
aqueous phase is 20% by weight or less, the selectivity 
of TMBQ seriously drops. The concentration of the copper 
halogeno complex in the aqueous phase (excluding alcohols), 



halide catalyst 
concentration o 



taking into con 
from 20 to 70% 
by weight, and 



sideration its solubility, is preferably 
by weight, more preferably from 20 to 60% 
most preferably from 30 to 60% by weight. 
In the case of the copper halogeno complex/alkali 
metal halide citalyst, the concentration of the mixture of 
the copper halogeno complex and the alkali metal halide in 
the aqueous phase of the reaction system also exerts great 
influences on the yield and rate of reaction. That is, 
also in this case, the amount of water added to the reac- 
tion system i?3 one of the most important factors to ef- 
ficiently carry out the reaction of the present invention. 
From a viewpoint of efficiency of the reaction, it is 
preferred thit the concentration of the copper halogeno 
complex/alkal.i metal halide catalyst be as high as possible. 
If the concentration of the mixture of the copper halogeno 
complex and the alkali metal halide in the aqueous phase 
is 20% by weight or less, the selectivity of TMBQ seriously 
drops. The concentration of the mixture of the copper 
halogeno coJplex and the alkali metal halide in the aqueous 
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phase (excluding alcohols) , taking into consideration 
also its solubility / is preferably from 20 to 80% by 
weight, more preferably from 20 to 70% by weight, and 
most preferably from 20 to 60% by weight . 

The optimum amount of the copper halogeno complex 
used is determined by both the yield and rate of reaction. 
That is, there is a tendency that if the amount of the 
copper halogeno complex used is too small, the yield of 
TMBQ is small and the rate of reaction is also low. On 
the other hand, even if the copper halogeno complex is 
used in amounts in excess of a certain level, no additional 
effect can be obtained and, therefore, addition of such 
large amounts of the copper halogeno complex is of no 
value. The amount of the copper halogeno complex used in 
the present invention varies with the type of the copper 
halogeno complex and cannot be determined unconditionally. 
In general, in the case of the copper halogeno complex 
catalyst, the copper halogeno complex is used in an amount 
of from 0.1 to 5 moles, preferably from 0.5 to 3 moles, and 
most preferably from 1 to 2 moles per mole of TMP. This 
can be applied also to the copper halogeno complex/alkali 
metal halide catalyst. 

The medium as used herein is heterogeneous since the 
alcohols having from 4 to 10 carbon atoms are immiscible 
or little miscible with water. Thus the process of the 
present invention is carried out in a heterogeneous reac- 
tion system. In accordance with the present invention; 
therefore, the catalyst can be recycled and used repeatedly. 
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product can be separated efficiently. 



The alcohols as used herein are aliphatic alcohols 
having from 4 to 10 carbon atoms. Taking into consideration 
solubility in water, it is preferred to use aliphatic 
alcohols having from 5 to 10 carbon atoms. Preferred 
examples of aliphatic alcohols which can be used in the 
present invention include n-butanol, n-amyl alcohol , iso- 



arayl alcohol, n-hexyl alcohol, 2-ethylhexanol, n-heptyl 
alcohol, n-octyl alcohol, n-nonyl alcohol, and n-decyl 
alcohol . 

as used herein is effective in dissolving 
the copper halogeno complex or both copper halogeno complex 
and alkali metal halide, dissolving TMP as a starting 
material, and also in dissolving oxygen. Thus, the desired 
TMBQ can be produced very efficiently only by contacting 
these solutions. 

When, in particular, aliphatic alcohols having from 
5 to 10 carbon atoms are used, the reaction system is comp- 
letely heterogeneous. Surprisingly, however, it has been 
found that the reaction proceeds efficiently even in such 
a heterogeneous condition. After the reaction is completed, 
the reaction nixture is composed of an aqueous phase as a 
catalyst layer and an organic phase as an alcohol layer 
containing TMBQ. Thus the catalyst and TMBQ can be easily 



separated by 
advantageous 



applying phase separation. This is very 
since post treatments for reuse of the cata- 



lyst and recovery of TMBQ can be very simplified. 
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The amount of the alcohols used is determined taking 
into consideration the dissolution of TMP and the ratio of 
alcohols to water. The weight ratio of alcohols to water 
is from Q.5 to 10 , preferably from 0.8 to 5 r and most 
preferably from 1.5 to 2. In other words, the weight 
ratio of water to alcohols is from 0.1 to 2, preferably 
from 0.2 to 1.25, and most preferably from 0.5 to 0.67. 

The reaction temperature varies over wide ranges 
depending on the type and amount of each of the copper 
halogeno complex or copper halogeno complex and alkali 
metal halide, the amount of water used, and the type of 
the alcohol. In general, the reaction temperature is 
preferably from 10 to 120°C, more preferably from 30 to 
100°C, and most preferably from 40 to 80°C. The reaction 
time also varies over wide ranges depending on the type 
and amount of the copper halogeno complex and alkali metal 
halide, the reaction temperature, the amount of water 
used, the type of the organic solvent, and so forth. In 
general, the reaction time is from about 5 to about 300 
minutes - 

TMP used as a starting material in the present inven- 
tion is not limited in its method of preparation. For 
example, TMP prepared by alkylation of phenols (e.g. 
alkylation of m-cresol, 2,3-xylenol, and 2,5-xylenol) , 
transalkylation of polymethyl phenol, alkali- fusion of 
2,3,6-trimethylbenzenesulfonic acid, oxidation of 2,3,6- 
trimethylcumene, fractionation of tars, and by isolation 
from phenols can be used. 



BNSOOCID: <EP 0127B88A1 J_> 



- 15 - 



0127888 



include nitroger 
is, as an oxygen 
preferably from 



The oxygen as used herein includes pure oxygen and 
oxygen-containing gases. These oxygen-containing gases 
include oxygen-rich air, air, and oxygen diluted with 
inert gas. Inert gases which can be used to dilute oxygen 
, helium and argon. The reaction pressure 
partial pressure, from 0.05 to 50 kg/cm 2 , 
0.1 to 20 kg/cm 2 , more preferably from 
0.2 to 10 kg/cmp, more preferably from 0.3 to 3 kg/cm 2 , 
and most preferably from 0.3 to 1 kg/cm 2 (absolute pressure) 

TMBQ is produced by contacting TMP with oxygen in the 
presence of the copper halogeno complex or copper halo- 
geno complex/alkali metal halide catalyst in the mixed sol- 
vent of water and alcohols. In the most preferred embodi- 
ment of the present invention, an agitation-type reactor 



is used, since 
and liquid. 
TMP can 



it permits efficient contact between gas 



oe contacted with oxygen by techniques such 
as a method of passing oxygen through the reactor and a 
gas circulation method in which oxygen absorbed is com- 
pensated by supplying fresh oxygen to maintain the 
pressure at a given level. 

The process of the present invention can be carried 
out in a batch system, a semi-batch system, or in a continu- 
ous flow system. 

The process of the present invention produces various 
advantages. For example, since copper halogeno complexes 
as defined above are used as the catalyst, TMP can be 
easily oxidized with oxygen and TMBQ can be formed in high 
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yields and high selectivities . Addition of alkali metal 
haiides as also defined above permits to more increase 
the selectivity and to increase the yield by about 10%. 

Irrespective of the fact that the process of the 
present invention is carried out in a reaction system 
containing water, the process of the present invention is 
superior in the rate of reaction and selectivity of TMBQ 
to conventional processes using the known catalyst system 
comprising free copper and halogen ions,* Furthermore, 
the process of the present invention has a surprising 
feature that the drop in the activity of the catalyst due 
to water is scarcely observed. Thus, the process of the 
present invention is very useful for use in industrial 
production of TMBQ from IMP. 

TMBQ, the product of the present invention, can be 
easily separated and recovered. The reason is, as 
described above, that since aliphatic alcohols having 
from 4 to 10 carbon atoms immiscible or little miscible 
with water are used, the reaction mixture can be easily 
separated into the aqueous phase, i.e., catalyst layer, 
and the organic phase, i.e., alcohol layer containing TMBQ. 
This separation can be made easier by using aliphatic 
alcohols having from 5 to 10 carbon atoms. Therefore, 
TMBQ can be obtained by distilling away the alcohol from 
the alcohol layer, and the catalyst layer can be used 
repeatedly, as such or if necessary, after concentration 
or purification. Alcohols used in the present invention 
can be easily available at a low price. Thus the process 
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invention is industrially greatly superior 
processes. 

On reducing the alcohol layer as such, a precursor 
for Vitamin E, |2, 3,5-trimethylhydroxyquinone, can be ob- 
tained. 

The present invention is described in greater detail 
with reference to the following Examples and Comparative 
Examples* In jbhese examples, all the' conversions and 
yields are indicated in moles. 



EXAMPLES :i TO 8 AND COMPARATIVE EXAMPLE 1 

A 100-milliliter four-necked flask was charged with 

millimoles) of TMP f 4.3 grams (25 millimoles) 
or 25 millimoles of a previously 

prepared copper halogeno complex as shown in Table 1, 10 
milliliters Jf n-butyl alcohol, and a predetermined amount 
of water as shown in Table 1. 

After replacement of the atmosphere in the flask 
with oxygen, the mixture was maintained at 60 °C by heating 
or cooling from outside and vigorously stirred at 800 
revolutions per minute (rpm) . Oxygen was succesively intro- 
duced into the flask from a gas holder, and the amount of 
oxygen consumed was measured by means of a gas biuret. 
When the absorption of oxygen gas stopped, the reaction 
was taken as completed. 

The alcohol layer, after separation from the water 



layer , was 



analyzed by gas chromatography. The results are 



shown in Table 1. 
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Amount of 


Bate of Absorp- 


Conver- 


Yield 


Run No. 


Catalyst 


Water 


tion of Oxygen 


sion of 


of 




(mi lli- 
liters) 




TMP 

CO 


TMBQ 
(%) 


1 (Example 1) 


Complex A 


10 


250 


100 


80.5 


2 (Example 2) 


Complex B 


10 


150 


100 


79.9 


3 (Example 3) 


Complex C 


10 


110 


100 


83.1 


4 (Example 4) 




10 


90 


100 


79.6 


5 (Example 5) 


Complex E 


15 


91 


100 


82.8 


6 (Example 6) 


Complex F 


10 


87 


100 


79.1 


7 (Example 7) 


Complex G 


15 


85 


100 


82.0 


8 (Example 8) 


Complex H 


15 


88 


100 


82.7 


9 (Comparative 
Example 1) 


CuCl2*2H 2 0 


10 


80 


100 


69.5 



Note: Complex A: Li[CuCl 3 ]-2H 2 0 

" B: (NH4)tCuCl 3 l-2H 2 0 

C: (NH4)2tCuCl 4 ]-2H 2 0 
" D: KlCuCl 3 ] 
11 E: K 2 tCuCl4]-2H20" 
" F: Cs[CuCl 3 ] 
11 6: Cs2t CuC1 43 
" H: - Cs 2 [CuBr4] 



Amount of oxygen absorbed per hour 



Kate of Absorption of Oxygen 



x 100 



Theoretical amount of oxygen absorbed 
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EXAMPLES 9 TO 11 



The procedure of Example 1 was repeated wherein 3.4 
grams (25 millimoles) of TMP, 25 millimoles of a previously 
prepared copper halogeno complex as shown in Table 2, 10 
milliliters of n-hexyl alcohol, and 10 milliliters of 



water were used. 
The results 
After the 



are shown in Table 2. 
eaction, the reaction mixture separated 
into a water layer and an alcohol layer. The water layer 
(catalyst layeJ) , after separation from the alcohol layer, 
could be recycled and reused. 

Table 2 



Run No. 



1 (Example 9) 

2 (Example 10) 

3 (Example 11) 



Copper Amount of Rate of Absorp- Conver- Yield 

Halogeno water ticm of Oxygen sion of of TMBQ 

Complex (milliliters) (% per hour) TMP (%) (%) 

dome 



(Lmp 



iplex B 



lex E 
Complex G 



Note: Complexes 



10 
15 
15 



170 


100 


81.5 


110 


100 


83.0 


87 


100 


83.5 



B, E and G, and Rate of Absorption of Oxygen: Same 



as described in Table 1. 



EXAMPLES 12 AND 13 

The proLedure of Example 1 was repeated wherein 3.-4 
grams (25 millimoles) of TMP, a predetermined amount of 
a previously prepared copper halogeno complex, Li [CuCl 3 ] -2H 2 0, 
as shown in Table 3, 10 milliliters of water, and 10 milli- 
liters of n-hexyl alcohol were used* 

The results are shown in Table 3. 
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After the reaction, the reaction mixture separated 
into a water layer and an alcohol layer. The water layer 
(catalyst layer) , after separation from the alcohol layer, 
could be recycled and reused. 

Table 3 

Complex Rate of Absorp- Conversion Yield of 
Run No. (grams (milli- ticra of Oxygen of TMP TMBQ 
moles)) (% par hour) (%) (Z) 

1 (Example 12) 6.6 (50) 230 100 84.1 

2 (Example 13) 15.9 (75) 130 100 83.5 
Note: Rate of Absorption of Oxygen. .same as described in Table 1. 

EXAMPLES 14 TO 18 

The procedure of Example 1 was repeated wherein 3.4 
grams (25 millimoles) of TMP, 5.3 grams (25 millimoles) of 
a copper halogeno complex, Li ICUCI3] -2^0, 10 milliliters 
of water, and 10 milliliters of an alcohol as shown in 
Table 4 were used. 

The results are shown in Table 4* 

After the reaction, the reaction mixture separated 
into a water layer and an alcohol layer* The water layer 
(catalyst layer) , after separation from the alcohol layer, 
could be recycled and reused. 
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Alcohol 



Rate of Absorp- Conversion Yield of 
tion of Oxygen of TMP TMBQ 
(% per hour) (%) (%) 



1 (Example 14) n- Butyl alcohol 250 

2 (Example 15) i-Amyl alcohol 230 

3 (Example 16) n-Hexyl alcohol 230 

4 (Example 17) n-Odtyl alcohol 230 

5 (Example 18) n-De'cyl alcohol 200 



100 
100 
100 
100 
100 



80,5 
80.1 
80.3 
80.4 
80.0 



Note: Rate of Absorption of Oxygen . .... same as described in Table 1. 



EXAMPLES 19 TO 21 

The procedure of Example 1 was repeated wherein 3.4 
grams (25 millimoles) of TMP, 5.3 grams (25 millimoles) 
of a copper halogeno complex, Li [CuCl 3 ] -2H 2 0, 10 milliliters 



Jo 



of water, and jjo milliliters of n-butyl alcohol were used 
and the reaction temperature was changed as shown in Table 5. 
The results are shown in Table 5. 

After the reaction, the reaction mixture separated into 
a water layer and an alcohol layer • The water layer (cata- 
lyst layer), after separation from the alcohol layer, could 
be recycled and reused. 

Table 5 



Run No. 



1 (Example 19) 

2 CExample 20) 

3 (Example 21) 



Reaction Time required till Conversion Yield of 
Temperature Gas Absorption of TMP TMBQ 

(°C) stops (minutes) (Z) (%) 



80 
60 
AO 



30 
40 
240 



100 
100 
100 



78.6 
80.5 
75.2 
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EXAMPLE 22 

A 200-milliliter four-necked flask was charged with 
6.8 grams (50 millimoles) of TMP, 10.6 grams (50 milli— 
moles) of a copper halogeno complex, Li [C11CI3] »2H20, 20 
milliliters of n-octyl alcohol, and 20 milliliters of water. 
The reaction was performed for 1 hour in the same manner 
as in Example 1. After the reaction was completed, the 
reaction mixture was separated into an organic layer and 
a water layer. The organic layer was analyzed by gas 
chromatography to determine •". the conversion of TMP and 
yield of TMBQ. The water layer was returned to the four- 
necked flask. Then, 6.8 grams of TMP and n-octyl alcohol 
were introduced in the four-necked flask and reacted. 
This operation was repeated several times and deterioration 
of the catalyst was examined. 

The results are shown in Table 6. 



Table 6 



Run No. 



Number of Operations Conversion of 



repeated TMP (%) 



Yield of 
TMBQ (%) 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 



9 99.8 

10 99.8 

11 99.9 



1 100 



2 99.9 

3 99.9 

4 99.8 

5 99.8 

6 99.8 

7 99.8 

8 100 



76.1 
80.3 
75.1 
78.3 
79.1 
80.2 
80.5 
80.8 
78.1 
78.0 
79.6 
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A mixture of 25 
complex, LHCUCI3] 
liters of n-butanol 



millimoles of a copper chloride/lithium 
2H 2 0, 10 milliliters of water, 10 milli- 
, and 2.4 grams (25 millimoles) of phenol 
was placed in a four-necked flask and reacted with stirring 
under the same conditions as in Example 1. Four hours after 
the start of the reaction, the reaction mixture was treated 
in the same manner as in Exampleland analyzed by gas 
chromatography. 

The results were as follows: 
Conversion of phenol 82% 
Yield of o-chlorophenol 3.2% 
Yield. of p-chlorophenol 26.8% 
Yield of dichlorophenol 0.8% 
Any other compound could not be detected by the gas 
chromatography analysis. 



EXAMPLES 23 TO 21 



, REFERENCE EXAMPLES 1 TO 4, AND 



COMPARATIVE EXAMPLE 3 

A mixture of 25 millimoles of a previously prepared 
crystalline coppbr halogeno complex or commercially available 
complex and 75 millimoles of an alkali 
placed in a four-necked flask. Then, 10-20 



copper halogeno 
metal halide was; 
milliliters of Water was added to the mixture which was 



then stirred to 
Thereafter 
milliliters of 
flask. 



prepare a catalyst solution. 
, 3.4 grams (25 millimoles) of TMP and 10 
n-octyl alcohol were introduced into the 
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After replacement of the atmosphere in the flask with 
oxygen, the mixture was maintained at 60 °c and vigorously 
stirred at 800 rpm. Oxygen was successively introduced from 
a gas holder and the amount of oxygen consumed was measured 
by the use of a gas biuret. When absorption of oxygen 
stopped, the reaction was taken as completed. After the 
reaction was completed, the reaction mixture was separated 
into an organic layer and a water layer. The organic layer 
was analyzed by gas chromatography. 

The results are shown in Table 7. 



Table 7 









Amount of 


Conver- 


Yield 


Yield 


Rate of 




Catalyst 


water 
(milli- 


sion of 
IMP 


of 


of 


Absorption 
of Oxygen 


Run No. 


Com- 


Chlo- 


TMBQ 


HMBP 




plex 


ride 


liters) 


(%) 


(Z) 


CO 


(% per hour) 


1 (Example 23) 


A 


LiCl 


10 


100 


95 


4 


370 


2 (Reference 


A 




10 


100 


80 


15 


250 


Example 1) 










180 


3 (Example 24) 


B 


LiCl 


10 


100 


85 


5.4 


4 (Reference 


B 




10 


100 


80 


12 


150 


Example 2) 














5 (Example 25) 


C 


KC1 


15 


100 


83 


9 


130 


6 (Reference 


C 




15 


100 


79 


11 


110 


Example 3) 












95 


7 (Example 26) 


D 


CsCl 


20 


100 


85 


9 


8 (Reference 


D 




20 


100 


81 


13 


90 


Example 4) 














9 (Comparative 
Example 3) 




CiiCl2 


10 


100 


69.1 


18 


80 


Note:' Compexes A to D ... 


Same as described in Table 


1. 





CuCl 2 • • - CuCl 2 /THP (molar ratio)* 1/1 
HMBP Hexamethylbipbenol 

Rate of absorption of oxygen ... Same as described in 
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The procedure of Example 1 was repeated wherein 25 
millimoles of TMP, predetermined amounts of a copper 
halogeno complex/ Li [O1CI3] • 2H 2 0, and LiCl as shown in 
Table 8, 10 milliliters of n-octyl alcohol, and 10 milli- 

:e used. 



liters of water we 



T 



The results aye shown in Table 8. 
After the reaction, the reaction mixture separated 



into a water layer 
(catalyst layer) , 



and an alcohol layer. The water layer 
after separation from the alcohol layer, 



could be recycled |and reused. 

Table 8 



Run No, 



1 (Example 27) 

2 (Example 28) 

3 (Example 29) 

4 (Example 30) 

5 (Example 31) 

6 (Example 32) 

7 (Example 33) 

8 (Example 34) 

9 (Example 35) 

Note: Rate of 



Li(CuCl 3 )/ 
LiCl!/TMP 
(molar 
ratio) 



0.14/0.14/1 
0.14/0.7/1 
0.5/3j.5/l 
0.5/7.5/1 



1/ 
1/ 



5 /l 
7 11 



2.5/j4.5/l 
2.5/7.5/1 
2.5/12.5/1 

absorption of oxygen 



Conver- 
sion of 
IMP 

a) 


Yield 

of 
TMBQ 

(%) 


Yield 

of 
HMBP 

(%) 


Yield 

of 
4-C1- 
TMP(%) 


Bate of Ab- 
sorption of 

Oxygen 
(% per hour) 


100 


85 


8 


1 


90 


100 


81 


8 


4 


85 


100 


89 


7 


Trace 


180 


100 


87 


3 


Trace . 


95 


100 


96 


3 


Trace 


310 


100 


96 


1 


Trace 


100 


.100 


92 


8 


Trace 


90 


100 


95 


4 


Trace 


90 


100 


96 


3 


Trace 


90 



EXAMPLES 36 TO 



Same as defined in Table 1. 



38 



The procedure of Example 1 was repeated wherein 25 
millimoles of TMP, 25 millimoles of a previously prepared 
crystalline complex, LiICuCl 3 ] -2H 2 0, 75 millimoles of LiCl, 
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and 10 milliliters of n-Jiexanol were used and the amount 
of water added was changed as shown in Table 9. 
The results are shown in Table 9. 

After the reaction, the reaction mixture separated 
into a water layer and an alcohol layer. The water layer 
(catalyst layer) , after separation from the alcohol layer, 
could be recycled and reused. 

Table 9 

Amount Concentra- pH of Conver- Yield Yield Rate of 

of tion of Cata- sion of of of Absorp- 

Run No. Water Catalyst lyst TMP TMBQ HMBP tion of 

used (% by layer (%) (%) (%) Oxygen 

(grams) weight) _^ (% per hour ) 

1 (Example 36) 15 34 -0.6 100 91 8 180 

2 (Example 37) 20 28 0.1 100 89 10 150 

3 (Example 38) AO 16 2.6 100 70 15 100 
Note: Rate of absorption of oxygen ... Same as described in Table 1. 

EXAMPLES 39 TO 44 

The procedure of Example 1 was repeated wherein 25 
millimoles of TMP, 25 millimoles of a previously prepared 
crystalline complex, Li[CuCl 3 ] -2H 2 0, and 75 millimoles of 
LiCl were used and the type of the alcohol used was changed 
as shown in Table 10. 

The results are shown in Table 10. 

After the reaction, the reaction mixture separated 
into a water layer and an alcohol layer. The water layer 
(catalyst layer) , after separation from the alcohol layer, 
could be recycled and reused. 
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Table 10 



Run No. 



Ala 



1 (Example 39) n-Amyl 



hoi 



Conver- Yield Yield Rate of Absorp- 

sion of of of tion of Oxygen 

TMP TMBQ HMBP 

(%) (%) (%) 



(Z per hour) 



alcohol 



2 (Example AO) n-Hexyl alcohol 



3 (Example 41) n-Heptjyl alcohol 100 

4 (Example 42) n-Octyl alcohol 100 

5 (Example 43) n-Nonyl alcohol 100 

6 (Example 44) n-Decyl alcohol 100. 



100 
100 



94 
93 
95 
95 
93 
94 



6 
7 
5 
4 
7 
6 



320 
300 
350 
370 
260 
250 



Note: Rate of Absorption of Oxygen . ... Same as described in Table 1. 



EXAMPLES 45 TO 49 



The procedure of Example 1 was repeated wherein 25 
millimoles" of TMp!, 25 millimoles of a previously prepared 
crystalline complex,. Li [CuCl 3 ] • 2H 2 0, and 75 millimoles of 
LiCl were used, and the amount of n-octanol used was 
changed as shown in Table 11. 

The results are shown in Table 11. 

After the reaction , the reaction mixture separated 
into a water layer and an alcohol layer. The water layer 
(catalyst layer) , after separation from the alcohol layer, 



could be recycled and reused. 
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Table 11 





Amount of 


Concentra- 


Conver- 


Yield 


Yield 


Rate of 




n-Octanol 


tion of 


sion of 


of 


of 


Absorp- 


Run No. 


used 


TMP in 


TMP 


TMBQ 


HMBP 


tion of 




(•mi 11 i- 

\IUX XXX 


Tl— Or t* flTTO 1 


\*/ 


(Z) 


(2) 


Oxvsen 




liters) 


(Z by weight) 








(Z per hour) 


1 (Example 45) 


5 


45.3 


100 


92 


10 


100 


2 (Example 46) 


10 


29-3 


100 


92 


7 


310 


3 CExample 47) 


20 


17.2 


100 


93 


6 


330 


4 (Example 48) 


30 


10.2 


100 


95 


4 


295 


5 (Example 49) 


60 


5.4 


100 


85 


4 


250 



Note: Rate of Absorption of Oxygen ... Same as described in Table 1. 



EXAMPLES 50 TO 54 

The procedure of Example 1 was repeated wherein 25 
millimoles of TMP, 25 millimoles of Li [CuCl 3 ] -2H 2 0, and 
90 millimoles of LiCl , and the reaction temperature was 
changed as shown in Table 12. 

The results are shown in Table 12. 

After the reaction, the reaction mixture separated 
into a water layer and an alcohol layer. The water layer 
(catalyst layer) , after separation from the alcohol layer, 
could be recycled and reused. 

Table 12 

Reaction Conver- Yield of Yield of Rate of Absorp- 

Run No. Tempera- si on of TMBQ HMBP tion of Oxygen 

ture ("O TMP (Z) (Z) (Z) (Z per hour) 



1 (Example 50) 50 100 90 6 250 

2 (Example 51) 60 100 95 4 370 

3 (Example 52) 70 100 92 7 360 

4 (Example 53) 80 100 92 4 340 

5 (Example 54) 90 100 91 3 290 

Bote: Rate of Absorption of Oxygen ... Same as described in Table 1. 
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millimoles) of TMP, 
the same conditions 



5 grams (25 millimoles) of cuprous 
(100 millimoles) of lithium chloride , 
and 20 milliliters of methanol was placed in a four-necked 
flask and stirred. tp prepare a uniform catalyst solution. 
To this catalyst solution was added 3.4 grams (25 

and the reaction was performed under 
as in Example 1. With a lapse of time, 
a large amount of brown polymeric material deposited on the 
dinner walls of a reactor and a stirrer. In the course of 
the reaction, absorption of oxygen was not observed at all. 
When the oxygen absorption stopped , a large amount of water 
was added to the rjeaction mixture while leaving as such 
the polymeric mate'rial deposited. The resulting mixture 
was extracted witt toluene. The extract thus obtained was 
analyzed by gas chromatography and found to contain only a 
small amount of TMP. It is believed , therefore, that almost 
all of TMP reacted was converted into the polymeric material. 



i 



COMPARATIVE EXAMPLE 5 

A mixture of 25 millimoles of a copper halogeno 
complex, Li[CuCl3] -2H20, 75 millimoles of LiCl f and 
10 milliliters o:: water was placed in a four-necked flask 
and stirred to prepare a catalyst solution. 

Then, 2.4 grams (25 millimoles) of phenol and 10 
milliliters of n-hexanol were introduced into the flask, 
and the reaction was performed under the same conditions 
as in Example 1. The time required till the reaction was 
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completed was 4 hours. 

The results were as follows: 

Conversion of phenol 91.3% 

Yield of o-chlorophenol 1.6% 

Yield of p-chlorophenol 35.2% 

Yield of dichlorophenol 2.0% 

The formation of benzoquinone was not observed. 
Any other compound could not detected by the gas chromato- 
graphy analysis. 

EXAMPLE 55 

A 200-railliliter four-necked flask was charged with 
6.8 grains (50 millimoles) of TMP, 10.6 grams (50 millimoles) 
of a copper halogeno complex r Li[CuCl 3 ] -2H2O, 6.4 grams 
(150 millimoles) of lithium chloride, LiCl, 20 milli- 
liters of n-hexanol, and 20 milliliters of water. The 
reaction was performed for 1 hour in the same manner as in 
Example 1. After the reaction was completed, the reaction 
mixture was separated into an organic layer and a water 
layer. 

The organic layer and 200 milliliters of benzene were 
introduced into the separating funnel r and the funnel was 
shaken to separate a small amount of water from benzene 
layer including the organic layer. Thus obtained water 
was added to the water layer obtained previously. The 
benzene layer was analyzed by gas chromatography to deter- 
mine the conversion of TMP and yield of TMBQ. The water 
layer was returned to the four-necked flask. Then, 6.8 



grams of TMP and 20 
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milliliters of n-hexanol were intro- 



duced in the four-necked flask and reacted. This opera- 
tion was repeated several times and deterioration of the 
catalyst was examined. 

i 

The results are shown in Table 13. 

Table 13 



Run No. 


Number of Opera- 
tions repeated 


Conversion of 
TMP (%) 


Yield of 
TMBQ (%) 


1 


i 


100 


94.8 


2 




100 


94.0 


3 




100 


95.0 


4 


i 

1 


100 


95.1 


5 


5 


100 


94.0 


6 


■ \ - 


100 


94.5 


7 




100 


95.2 


8 


f 


100 


94.8 


9 




100 


95.0 


10 


10 


100 


95.0 
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WHAT IS CLAIMED IS: 



1. A process for producing 2 , 3 , 5-trimethylbenzoquinone 
which comprises contacting 2,3, 6-trimethylphenol with molecu- 
lar oxygen in a medium of water and an aliphatic alcohol 
having from 4 to 10 carbon atoms in the presence as a cata- 
lyst of a copper halogeno complex represented by the 
general formula: 

M£[Cu(II) m X n ]p 

wherein M is an alkali metal or ammonium, Cu(II) is a divalent' 
copper, X is a halogen atom, £ is an integer of from 1 to 3, 
m is 1 or 2, n is an integer of from 3 to 8, p is 1 or 2, 
and I + 2mp = np. 

2. A process for producing 2 , 3 , 5-trimethylbenzoquinone 
which comprises contacting 2 , 3 , 6-trimethylphenol with mole- 
cular oxygen in a medium of water and an aliphatic alcohol 
having from 4 to 10 carbon atoms in the presence as a 
catalyst of a mixture of a copper halogeno complex repres- 
ented by the general formula: 

M £ [Cu(II) m X n ] p 

wherein M is an alkali metal or ammonium, Cu(II) is a divalent 
copper, X is a halogen atom, £ is an integer of from 1 to 
3, m is 1 or 2, n is an integer of from 3 to 8, p is 1 or 
2, and 1 + 2mp = np, and an alkali metal halide. 

3. The process as claimed in Claim 1 or 2, wherein 
the copper halogeno complex is Li[CuCl 3 ] -2H 2 0, NH 4 [CuCl 3 l -2H 2 0, 
(NH4) 2 [CuCl 4 ]-2H 2 O f RICUCI3], K 2 [CUC1 4 ]-2H 2 0, Cs [CUCI3] *2H 2 0, 
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Cs^CuClJ- 2H 2 0, Cs 3 rCu 2 Cl 7 ]-2H 2 0, Li 2 [CuBr 4 ] * 6H 2 0, K[CuBr 3 ] , 
(NH 4 )'2 [CuBr 4 ] • 2H 2 O f Cs 2 tCuBr 4 ] , or Cs [CuBr 3 ] • 



4. The process 
copper halogeno 



complex 



as claimed in Claim 3, wherein the 

is Li[CuCl3] -2H 2 0 or Li 2 [CuBr 4 ] • 6H 2 0. 



5. The process as claimed in Claim 1 or 2, wherein 
the amount of the copper halogeno complex used is from 
0.1 to 5 moles per mole of 2 , 3 , 6-trimethylphenol , 



6. The process 
aliphatic alcohol i 
10 carbon atoms. 



as claimed in Claim 1 or 2, wherein the 
s an aliphatic alcohol having from 5 to 



7. The process as claimed in Claim 1 or 2, wherein the 
concentration of TMP in the aliphatic alcohol is from 10 



to 80% by weight. 



process 



8. The 
weight ratio of water 
is from 0.1 to 2. 



as claimed in Claim 1 or 2, wherein the 
to the aliphatic alcohol in the medium 



9. The process as claimed in Claim 1 or 2, wherein the 



concentration of the copper halogeno complex in an aqueous 
phase of the reaction system is from 20 to 70% by weight. 

10, The process as claimed in Claim 9, wherein the con- 
centration of the copper halogeno complex in the aqueous 
phase of the reaction system is from 20 to 60% by weight. 

11. The process as claimed in Claim lor 2, wherein 
the pH of the aqueous phase containing the copper halogeno 



BNSOOCID: <EP 0l27B8aA1_l_> 



- 34 - 

0127888 

complex (catalyst layer) is from 2 to 3. 

12. The process as claimed in Claim 11, wherein the 
pH of the aqueous phase containing the copper halogeno 
complex (catalyst layer) is from 2 to 2.5 

13. The process as claimed in Claim 1 or 2, wherein the 
weight ratio of TMP to water in the reaction system is from 
0.5 to 10. 

14. The process as claimed in Claim 1 or 2, wherein 
the reaction temperature is from 10 to 120°C- 

15. The process as claimed in Claim 14, wherein the 
reaction temperature is from 40 to 80 °C. 

16. The process as claimed in Claim 1 or 2, wherein 
the oxygen partial pressure in the reaction system is from 
0.05 to 50 kg/cm 2 (absolute pressure) - 

17. The process as claimed in Claim 16 r wherein the 
oxygen partial pressure in the reaction system is from 
0.3 to 1 kg/cm 2 . 

18. The process as claimed in Claim 2, wherein the 
alkali metal halide is at least one selected from the 
group consisting of NaCl, LiCl, KCl r CsCl, NaBr, NH 4 Br, 
KBr, CsBr, Nal, Lil, KI, and Csl. 

19. The process as claimed in Claim 18 , wherein the 
alkali metal halide is LiCl. 
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20. The process 
molar ratio of alkali 
is from 1 to 15. 

21. The process 
molar ratio of alkal 
complex is from 1 to 

22. The process 
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as claimed in Claim 2, wherein the 
metal halide to copper halogeno complex 

as claimed in Claim 20 , wherein the 
metal halide to copper halogeno 
10. 



as claimed in Claim 2, wherein the 
concentration of the' mixture of the copper halogeno complex 
and alkali metal haJide in the aqueous phase of the reac- 



tion system is from 



20 to. 80% by weight. 



23. The process as claimed in Claim 22 , wherein the 
concentration of the mixture of the copper halogeno complex 
and alkali metal halide in the aqueous phase of the reac- 
tion system is froJ 20 to 60% by weight. 

24. The process as claimed in Claim 2, wherein the pH 
of the aqueous phase containing the copper halogeno complex 
and alkali metal halide (catalyst layer) is 2 or less. 

25. The process as claimed in Claim 24 , wherein the pH 
of the. aqueous phase containing the copper halogeno complex 
and alkali metal halide (catalyst layer) is from 1 to -0.5. 
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